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An impor tan t  quest ion a r i s i n g  from experiments i n v o l v i n g  coal l i q u e -  
f a c t i o n  processes i s  "which bonds a r e  broken when s o l i d  coal  i s  converted 
t o  l i q u i d s ,  $r t o  so lub le  o i l s ,  asphaltenes, and preasphal tenes?"  
e a r l i e r  work i t  was proposed t h a t  e the r  l i nkages  were c leaved and hydro- 
genolys is  occu r red  du r ing  t rea tmen t  o f  coal  w i t h  hydrogen-donor so lvents  
a t  e levated temperatures. Thus, a l i m i t e d  number o f  model e t h e r  s t ruc tu res  
were shown t o  break i n  t h e  presence o f  t e t r a h y d r o q u i n o l i n e  a t  309'. It was 
a l so  repor ted2y3 t h a t  s o l u b i l i z a t i o n  cou ld  n o t  be due t o  cleavage o f  s i n g l e  
methylene b r idges  i n  coa l .  However, s t r u c t u r e s  c o n t a i n i n g  one methylene 
group i n  t h e  b r idge ,  such as diphenylmethane, a re  s t a b l e  under t h e  above 
cond i t i ons .  

I n  

4 We presented data i n  a recen t  manuscr ip t  showing t h a t  o t h e r  s t r u c t u r e  
types undergo the rmo lys i s  under t h e  c o n d i t i o n s  o f  asphaltene format ion.  
v a r i e t y  o f  d i a r y l -  and t r i a r y l e t h a n e s  and ethy lenes were found t o  c leave a t  
t h e  c e n t r a l  C-C bond; t h e  de r i ved  products  were cha rac te r i zed .  C e r t a i n  
ethers were found t o  c leave accompanied by t h e  fo rma t ion  o f  water .  

A 

We have now i n v e s t i g a t e d  a l a r g e  v a r i e t y  o f  compounds c o n t a i n i n g  s t ruc -  

These compounds a r e  arranged i n  groups and 

t u r a l  l i nkages  chosen, p a r t l y ,  from coa l  models suggested by Given,5 Weiser,6 
and H i l l  and Lyon.7 
d i f f i c u l t y ,  and some n o t  a t  a l l .  
t h e i r  r e l a t i o n  t o  coa l  l i q u e f a c t i o n  i s  considered. 
break e a s i l y  a r e  those  a t t a c h i n g  l a r g e  groups t o  the  aromat ic  nucleus o f  
phenols and phenol e the rs .  Parabenzylphenol i s  r a p i d l y  converted, p r i n c i -  
pa l l y ,  t o  to luene  and phenol w i t h  a l i t t l e  benzene and e -c reso l .  Several 
products a r e  produced from phenylethy l  e ther ;  benzene, to luene,  ethylbenzene, 
phenol, ethane, e thy lene,  and water .  

quest ion r e l a t i n g  t o  t h e  s t r u c t u r a l  u n i t s  i n  coa l .  For  example, "does i t  
con ta in  any i s o l a t e d ,  nonaromatic double bonds?" 
o l e f i n i c  s t r u c t u r e  and carbon nmr i s  ambiguous. Our s o l u t i o n  i s  based on 
t h e  s t i t c h i n g  and r i v e t i n g  r e a c t i o n s  developed by H. C. Brown.8 V i t r i n i t e ,  
o r  a p y r i d i n e - s o l u b l e  f r a c t i o n  o f  i t ,  was reac ted  w i t h  diborane. Then t h e  
hydroborated coa l  was conver ted t o  a t r i a l  ky lborane d e r i v a t i v e  by t r e a t i n g  
i t  w i t h  e thy lene  gas. Any t r i a l k y l b o r a n e  formed w i t h i n  t h e  coa l  s t r u c t u r e  
was f i n a l l y  conver ted t o  a r a d i o a c t i v e - l a b e l e d  ketone by t reatment  w i t h  
r a d i o a c t i v e  carbon monoxide, o r  w i t h  l abe led  cyanide i on ,  f o l l owed  by 
hyd ro l ys i s .  A de te rm ina t ion  o f  t h e  s p e c i f i c  carbon-14 a c t i v i t y  enabled us 
t o  c a l c u l a t e  t h e  number o f  double bonds o r i g i n a l l y  present .  
app ly ing  t h e  above technique t o  o the r  coa l -de r i ved  m a t e r i a l s .  
our data f o l l o w s :  

Some bond types appear t o  c leave r a p i d l y ,  o thers w i t h  

Examples o f  bonds which 

I m p l i c i t  i n  a p o r t i o n  o f  t h e  above d i scuss ion  i s  another impor tant  

Hydrogen nmr does no t  show 

We a r e  p resen t l y  
A summary of 
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Sample 
Radio. Equiv., 

W t  . 
Vit r in i te  ( I l l .  #6) 7300 g .  
Pyridine-soluble Vi t r in i t e  1500 g .  
Blank 61000 g. 

No. of Carbons 
Per Double Bond 

498 
102 
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